Introduction
The radiative Auger satellite spectra are observable at the low energy side of stronger characteristic X-ray emission lines, such as Kα and Kβ. The radiative Auger effect is a shake-up process at the moment of electric dipole transition of an electron from an outer shell to an inner shell. The shake-up process is an electron excitation process due to the sudden change of atomic potential. The atomic potential is suddenly changed when an inner electron is photoionized, an inner electron is ionized by an atomic collision, or an electron is moved from an outer shell to an inner shell. Any kind of sudden change of atomic potential cause another outer shell electron to excite into a discrete unoccupied state or the continuum state. If an electron is excited into a discrete level, it is called shake-up; an electron is ionized into a continuum level, it is called shake-off. The probability that an electron in an orbital φ before the sudden change of the potential remains in the same orbital φ* is expressed by the overlap integral |<φ|φ*>| 2 , where the asterisk denotes the slight change of orbital wavefunction due to the change of the atomic potential.
The shake-up satellites are remarkable in X-ray photoelectron spectra of molecules, where discrete weak lines are observable. The shake-off spectra in the X-ray photoelectron spectra are continuum spectra. These shake-up and shake-off satellite structures in X-ray photoelectron spectra are due to the sudden change at photoionization. Another example of shake-off spectra are the Kα 3,4 satellite lines of X-ray fluorescence spectra. The Kα 3,4 satellites are due to the 2p electron shake-off at the moment of 1s electron photoionization.
The potential energy function of an atom whose 1s electron is absent due to photoionization is different from that of the same atom but one of the 2p electrons is absent. An outer electron feels this difference before and after the Kα X-ray emission (2p → 1s). Thus the sudden change of an atomic potential before and after the X-ray emission causes another electron ionization or excitation due to the shake-off or shake-up process. This is the radiative Auger effect. [1] [2] [3] [4] [5] [6] [7] [8] [9] The shake process is a monopole transition process, that is to say, the 3p electron is excited into an np discrete level or an εp continuum level. Radiative Auger spectra are weak X-ray emission spectra near the characteristic X-ray lines. Radiative Auger process is an intrinsic energy-loss process in an atom when a characteristic X-ray photon is emitted, due to an atomic many-body effect. The energy loss spectra correspond to the unoccupied conduction band structure of materials. Therefore the radiative Auger effect is an alternative tool to the X-ray absorption spectroscopy such as EXAFS (Extended X-ray Absorption Fine Structure) and XANES (X-ray Absorption Near Edge Structure), and thus it is named EXEFS (Extended X-ray Emission Fine Structure). By the use of a commercially available X-ray fluorescence spectrometer or an electron probe microanalyzer (EPMA), which are frequently used in materials industries, we can obtain an EXEFS spectrum within 20 min. The radiative Auger effect, as an example, demonstrates that the study on atomic many-body effects has become a powerful tool for crystal and electronic structure characterizations. The EXEFS method has already been used in many industries in Japan. Reviews about the applications and basic study results on the radiative Auger effect are reported in this paper. Kawai et al. [10] [11] [12] suggested the similarity between the radiative Auger spectra and the X-ray absorption fine structure (XAFS). This was demonstrated for various low atomic number elements, such as Na, 13 Mg, [14] [15] [16] Al, 11, 12, 17, 18 and Si. [19] [20] [21] [22] [23] A typical example of the similarity between the radiative Auger spectra and extended X-ray absorption fine structure (EXAFS) is shown in Fig. 1 , 24 where aluminum metal spectra are compared. The EXAFS is the term for X-ray absorption spectra 50 -1000 eV above the threshold energy. The Fourier transform of the oscillating fine structure in EXAFS yields a radial distribution function of the atom in the condensed phase. This characteristic is used to analyze the structure of amorphous, liquid and crystalline materials.
The X-ray absorption near edge structures (XANES) in X-ray absorption spectra are the term for the fine structure up to 50 eV above the threshold energy. The XANES spectral shape has a close relation to the unoccupied local and partial density of states of the X-ray absorbing atom. An example of XANES and the radiative Auger spectra is shown in Fig. 2 , 15 where the spectra of Mg in an MgO ionic crystal compound are shown.
Because of the similarity between XAFS and the radiative Auger spectra, Kawai et al. 18 coined EXEFS (extended X-ray emission fine structure) for the radiative Auger satellites, where XAFS (X-ray absorption fine structure) is the generic name for the XANES and EXAFS. The similarity of EXEFS and XAFS has recently been theoretically proved.
25,26

Progress of EXEFS Method
The EXEFS method started in Japan, and many of the review papers are written in Japanese, 24, [27] [28] [29] as well as English. [30] [31] [32] [33] Three PhD theses were published on the EXEFS method on the application of EXEFS method. [34] [35] [36] Takahashi et al. 37 reported an application of EXEFS to chemical state analysis with using an electron probe microanalyzer. Watanabe et al. 38 reported that, with the use of EXEFS, aluminum compounds, which were difficult to discriminate from each other by the elemental analysis, could be analyzed with a high spatial resolution (Fig. 3) . Taguchi 39 wrote and installed the EXEFS Fourier transform program (EXEFS Analysis Software) into commercial X-ray fluorescence spectrometer for elemental analysis (Fig. 4) . Morii et al. studied a metal/silicon contact using the EXEFS method. 40 Applications of EXEFS to semiconductor wafer 41 and to environmental analysis 42 were reported.
Abrahams et al. 43 have clarified the assignment of multiplet structure in the radiative Auger spectra, and have compared silicon, phosphorus and sulfur (as silica, phosphate and sulfate) radiative Auger spectra with the corresponding real Auger spectra. 44 Kawai 45 recently pointed out the similarity between the "coherent crystal radiation" [46] [47] [48] and the EXEFS spectra.
Atomic number dependence of the EXEFS intensity 49 and interference with the trace analysis were pointed out by Maeda et al. 50 Weak lines like EXEFS are still not well understood. 51, 52 The present author strongly believes that the advancement of basic atomic physics will contribute to the chemical state analysis of advanced materials, semiconductor analysis, and environmental analysis, using these weak X-ray satellite lines as an index for the chemical state of the X-ray emitting atom.
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